specific. In general, the presence and abundance of frondose fucoid species was greater at 24 exposed shores compared to protected shores, whereas turf-algae dominated protected shores 25 at each island. Dissimilarities between islands for the overall algal assemblage generally 26 increased with the distance between islands. In particular, the presence and abundance of 27 fucoid species was larger in the eastern islands, while in contrast turf and bush-like algae 28 increased in the western islands. The large-scale gradient of the oceanographic conditions in 29
an east-to-west direction across the Canarian Archipelago provided a parsimonious 30 explanation for this observation, yet some inconsistencies were observed in the overall 31 regional pattern. with a hierarchy of spatial scales ranging from (ii) islands (100s of kilometres apart), to (iii) 85 locations within islands (10s of kilometres apart), and (iv) sites within locations (100s of 86 meters apart) on the composition, abundance and distribution of shallow water algal 87 assemblages at a regional context (< 1000 km). More specifically, we tested the hypothesis 88 that the role of wave exposure is significant in determining the structure and organization of 89 shallow water algal assemblages, and assessed the consistency of this pattern across the 90 islands constituting the Canarian Archipelago. Since frondose fucoid algae may be considered 91 as temperate-water elements of the shallow subtidal zone (Lüning 1990 , Steneck et al. 2002 , 92 whereas turf and bush-like algae are more common in tropical waters (Lüning 1990), we 93 additionally hypothesized that the presence and abundance of fucoid algae should be larger in 94 the eastern islands, while in contrast turf and bush-like algae should increase in the western 95 islands. Algae can be expected to be more susceptible to disturbance by wave action and/or 96 have lower capabilities to recover after disturbance when other factors make the environment 97 stressful. As a result, we predicted that the effects of wave exposure would interact with 98 variability among islands, and that the different algal taxa and/or algal groups would show 99 different patterns in this regard. 100
101

MATERIALS AND METHODS 102
Area of study and sampling design. Responses of algae to environmental variability are best tested with a functional group 119 approach instead of using specific species (Steneck & Dethier 1994 Cystoseira and Sargassum), usually > 15 cm in height, and in general forming low diversity 133 algal stands. Understory algae were excluded from the surveys as their coverage is hard to 134 determinate, and a meticulous investigation of the whole substratum is too time-consuming. 135
However, crustose coralline algae (e.g. the genera Lithothamnion, Lithophyllum, 136
Neogoniolithon, Titanoderma, etc) were counted when not overgrown by other algae. 137
Our sampling design tested the effect of the degree of wave exposure to the dominant, trade 138 wind-induced NE-swells (categorized as high versus low exposure = exposed or windward 139 versus protected or leeward shores, see Lindegarth & Gamfeldt 2005 for a discussion on this 140 topic) at each of the seven islands constituting the Canary Islands, as well as a group of small 141 islets, the "Chinijo Archipelago", to the north of Lanzarote Island (Fig. 1) . We selected a total 142 of 32 locations across the Canarian Archipelago as spatial replicates of the 16 defined 143 treatments (2 levels of degree of wave exposure x 8 islands), with 2 locations separated by 10s 144 of kilometres per treatment (Fig. 1) . Exposed locations directly received the prevailing swells 145 and winds from the northeast, whereas protected locations lay to the south on the opposite 146 side of each island (Fig. 1) 'Wave Exposure' (fixed factor with two levels: protected versus exposed) (2) 'Island' (fixed 168 factor with eight levels corresponding to the seven islands plus Chinijo Archipelago, and 169 orthogonal to the previous factor), (3) 'Locations' (random factor with two levels, nested 170 within the interaction term between 'Islands' and 'Wave exposure') and (4) 'Sites' (random 171 factor with two levels, nested within the interaction term between 'Locations', 'Islands' and 172 'Wave exposure'). PERMANOVA was used to partition variability and provide measures of 173 multivariate variability at different scales in the structured design in a manner analogous to 174 univariate partitioning using ANOVA ( are greater that 0.2, plots are considered difficult to interpret. Since an acceptable stress value 187 (< 0.14) was only obtained for the first scenario, we used only this analysis. 188
The SIMPER procedure (Clarke & Warwick 1994) was carried out to assess average 189 similarities and dissimilarities within and between treatments, respectively; as well as to 190 identify the contribution of each algal taxon to the differences within and between levels of 191 wave exposure and islands. As a result, prominent taxa contributing to differences among 192 treatments were identified and used in subsequent univariate analyses. 193
A mixed four-factor ANOVA univariate model (Underwood 1997) was applied to each of the 194 three groups of algae, as well as to the prominent taxa detected by the SIMPER protocol, to 195 test for significant differences attributable to the above-considered factors. Hence, ANOVAs 196 tested the same hypotheses described above for multivariate data, but in a univariate context. 
Multivariate analysis 218
Multivariate techniques revealed large and significant differences in the composition and 219 structure of the algal community for the different factors. Firstly, the multivariate ANOVA 220 performed on the entire algal dataset (Table 1 ) detected significant variability at the three 221 spatial scales considered by our study: differences among islands, differences between 222 locations within each island and level of wave exposure, and differences between sites within 223 locations within each island and level of wave exposure (p < 0.001, Table 1 ). Significant 224 variability attributable to differences in the degree of wave exposure was found (p = 0.01, 225 Table 1 ); its effect was otherwise consistent across the islands (Table 1, (Fuerteventura, Gran Canaria, Tenerife and Gomera) had similar assemblages in both 232 protected and exposed locations, while the rest of the islands showed a clearer separation 233 between protected and exposed locations in the ordination space (Fig. 2) . A posteriori 234 permutational tests among islands revealed a total of 10 significant differences of the overall 235 28 possible comparisons (p-Monte Carlo < 0.01) with 8 significant differences including El 236
Hierro or La Palma islands. This result was indicative of the different composition, abundance 237 and structure of the algal assemblages of these two islands compared to the rest of the islands. 238
Moreover, the MDS plot also revealed this difference (Fig. 2) , with the majority of locations 239 within El Hierro and La Palma positioned at the top of the plot. 240
Alternatively, we found group-specific results when we analyzed the output of the 241 PERMANOVA for each algal group (Table 1) . Coverage of the BM group was significantly 242 greater at exposed shores compared to protected shores (p < 0.01, Table 1 ) across islands 243 (Table 2 , 'I x WE', p > 0.05); while TA cover differed among islands (p < 0.01, Table 1),  244 which was corroborated by some significant pairwise comparisons (Table 1) . In all cases, we 245 detected substantial variability at the medium (differences between locations) and small 246 (differences between sites) spatial scales (p < 0.01, Table 1) . 247 SIMPER analysis indicated that the average similarity among protected locations (38.46%) 248 was greater that the average similarity among exposed locations (28.80%), suggesting a 249 greater heterogeneity of exposed algal assemblages. Eight taxa contributed extensively to the 250 differences between both levels of wave exposure accounting for the 57.97% of the overall 251 dissimilarity (Appendix 2). In general, these taxa, as well as the fucoids Cystoseira 252 mauritanica and Sargassum spp., accounted for dissimilarities among islands, although the 253 relative importance of each taxon varied for each pair of comparisons (Appendix 2). 254
Average dissimilarities between pairs of islands were significantly correlated with lineal 255 distances in km between them (r s = 0.49, 0.001 < p < 0.01 using the output from the SIMPER 256 procedure; r s = 0.36, 0.01 < p < 0.05 using the output from the PERMANOVA). 257
258
Univariate analyses 259
Mean percentage covers across the study area (islands, locations within islands, and sites 260 within locations) for three defined algal groups: TA, BA and BM are shown in Figures 3, 4  261 and 5, respectively. Results from the ANOVAs performed on the three groups are presented 262 in Table 2 . Although the ANOVAs indicated a significant effect of the variability between 263 sites separated by 10s of m within locations only for the BM, we detected substantial spatial 264 heterogeneity at the medium spatial scale (differences between locations separated by 10s of 265 km within each island and level of wave exposure) for the three morphological groups (p < 266 0.01, Table 2 ). This large variability prevented the detection of significant differences caused 267 by some of the two main effects in the three ANOVAs. However, the power of the ANOVAs 268 was sufficient to reject some null hypotheses. In this sense, the BM group was significantly 269 more abundant on exposed shores (p < 0.01, Table 2 ; Fig. 5 ), whereas the TA group was more 270 abundant on protected shores (p < 0.01, Table 2; Fig. 3 ). In both cases, the effect of the 'wave 271 exposure' was consistent across the islands (Table 2, 'I x WE', p > 0.05). Significant 272 differences caused by the different islands were not detected for BM (p > 0.01, Table 2) , 273 although visual inspection of the results (Fig. 5) suggests the existence of differences. In 274 contrast, significant differences caused by 'Islands' were detected for TA (p < 0.01, Results from the ANOVAs performed on the prominent algal taxa are presented in Table 3 . 279
Again, the analyses indicated substantial variability at the medium and low spatial scales 280
(differences between locations 10s of kilometres apart within each island and level of wave 281 exposure, and between sites 10s of meters apart within locations, respectively). Due to the 282 variability between locations within each treatment, detection of significant differences 283 among islands and between levels of wave exposure was only found for Lobophora variegata, 284 Jania spp., and the unidentified filamentous turf (Figs 6, 7 & 8, respectively). Lobophora 285 variegata (Fig. 6 ) monopolized the rocky bottoms of both El Hierro and La Palma with mean 286 percent coverages up to 90% per location, and it was significantly more abundant in these 287 islands than all other islands (p < 0.01, SNK tests, Table 3 ). Jania spp. (Fig. 7) appeared to be 288 more abundant in the eastern islands (p < 0.01, SNK tests, Table 3 ). Finally, the unidentified 289 filamentous turf (Fig. 8) was significantly more abundant in Gomera and Tenerife than the 290 rest of the islands (p < 0.01, SNK tests, Table 3) . 291
The presence of multiple islands along an oceanographic gradient with shores exposed to 294 different hydrographic conditions provided an ideal opportunity to test hypotheses about the 295 separate and combined effects of geographical and physical processes on the whole subtidal 296 shallow water algal assemblages. Collectively, the findings of this study showed that subtidal 297 algal assemblages differ consistently between protected and exposed shores across surveyed 298 islands. Additionally, clear differences between islands situated at the opposite sides of the 299 Canarian Archipelago were observed. 300
The conclusions. In particular, certain important group-specific differences within islands can be 308 attributable to differences in levels of wave exposure, while significant differences at a 309 regional scale (differences among islands 100s of kilometres apart) were found for some 310 groups and taxa. when the results of our study on the effect of 'wave exposure' were interpreted at a 316 morphological group level. In general, the presence and abundance of species within the BM 317 group (frondose fucoid species) was clearly greater at exposed locations (mean coverage for 318 all exposed locations = 22.00 ± 5.61, mean ± SE) compared to protected locations (mean 319 coverage for all protected locations = 1.56 ± 1.07, mean ± SE). Subtidal fucoid plants tend to 320 be better adapted to exposed or semi-exposed conditions compared with other algal species in Mediterranean, with replacement by turf-forming algae. These authors argued that this group 341 of fucoid algae (e.g. the genus Cystoseira) is highly sensitive to human disturbances. In the 342
Canarian Archipelago, the most important urban areas associated with the tourist industry are 343 located in the protected southern shores of each island (Martin-Ruiz 2001). As a result, the 344 large number of sewage discharges, and subsequently the nutrient enrichment, along these 345 human-perturbed areas could be involved in the lack of BM in the protected locations of our 346 study. It is possible that a combination of wave action and anthropogenic disturbance is 347 important in this variability within each island. However, lack of historical data on these 348 assemblages and of direct quantification of the intensity and distribution of disturbances on 349 the islands make it impossible to conclusively link these observed patterns to human impacts. 350
The pattern detected for the BM group clearly contrast with that observed for TA, and in 351 particular, for the patterns observed for the unidentified filamentous turf group. As a general 352 pattern, TA dominated protected locations within each island with the exception of La Palma. 353
For example, the unidentified filamentous turf group was twice as abundant in protected 354 locations (coverage for all protected locations = 20.84 ± 5.70, mean ± SE) than exposed 355 locations (coverage for all exposed locations = 10.37 ± 4.03, mean ± SE) for the overall study. Variability at the location level probably obscured differences in cover between levels of 371 wave exposure and islands for some algal groups and taxa. We can only speculate on the 372 underlying causes of this variation, which are likely to involve complex interactions among 373 several physical (e.g. availability of resources, habitat attributes) and biological processes 374 (e.g. competition, predation). Clearly, different explanations can be proposed for different 375 taxa according to their life-history strategies and biology. 376 377
Variability at the large spatial scale: differences among islands 378
Dissimilarities between islands for the overall subtidal algal community generally increased 379 with the distance between islands. For example, El Hierro and La Palma, the westernmost 380 islands, constituted a different assemblage 'block' compared to the rest of the islands. 381
However, significant differences among islands were group, or more specifically, taxon-382
specific. 383
What are the underlying mechanisms that could account for differences among islands? 384 Generally, differences in patterns of water circulation, availability of resources and type of 385 L2  L1  L2  L1  L2  L1  L2  L1  L2  L1  L2  L1  L2  L1  L2  L1  L2  L1  L2  L1  L2  L1  L2  L1  L2  L1  L2  L1  L2  L1 
